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PROBLEM TO BE SOLVED: To provide a novel production process for a reinforced polybutadiene 
rubber which is produced by polymerizing 1,3-butadiene, has a low gel content, and is composed of a 
cis-1 ,4-polymer and a syndiotactici ,2-polymer. ; SOLUTION: This production process comprises the 
cis-1 ,4-polymerizatjon of 1 ,3-butadiene to produce a cis-1 ,4-polymer and the syndiotactic 1 ,2- 
polymerization of the resultant polymerization system to produce a syndiotactic 1 ,2-polymer. The 
catalyst used In the cis-1 ,4-polymerization Is obtained from (a) a cobalt compound, (b) an 
organometallic compound of a group 13 element of the periodic table, and (c) water. The catalyst used 
in the syndiotactic 1 ,2-polymerization Is a catalyst system containing a sulfur compound. The 
molecular weight of the cis-1 ,4-polymer is controlled with a compound selected from among (1 ) a 
noncyclic olefin, (2) a cyclic conjugated diene, and (3) a compound having a cumulative double bond. ; 
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[0 0 5 6] 

mmms 

(1) - 1, 4^^<Dmm 

1. 5-i^i7P:ti7:S'v5x>i&3. 7mmo 1 /L(r;^i)J;'5l::^Jab, xg^U'>^ 1 . 2 5Kg/cm2jEAL;fc 

(2) i/>i?:t- 1. 2j^^(Dmm 
CO 0 5 7] 

(1) - 1. 4fi!c^<7)SiS 

1. 5->'i'n:ti'iS'>?x>^^jp-a-r, x5^k>2:i. 7 sKex cm2s.xht::UMtmmM2 iimmizm^^ 

(2) ->>-:^:t-l. 2fie^J-©ffi5g 
[0 0 5 8] 

mmms 

(1) 1, 4^^<Dmm 

(2) -»i?:t-l. 2fig^i-(^Mit 

'A\Z. h'Jx5";i^7;U5x>^A (TEA) <Dv'i7n^^^-y->S^ (Imo 1/L) 3. 6m 1 S^JOL, *2 Omg 
Sr^iPbfcm, ^I^Sc^^t^^^Jl/^an^PN (Co (Oct) 2) (DhJVX.>mm (0. 05mol/L) 0. 7m 

1 e^JPb, $e>f:6 0*CT2 O^i-a-^^-a-fc. ^■(blS5lbSiJ^^trx^y-;U/^y:$'> (l/l) ^JSSmL^^ 
JPb, »^€r^?itLfe. :t-hi7^-:7'|*lgB$i!cffiLfc^, a'&^^X:S'y-;l.{c:SAL, :i^'J :/^'>?X>S:|5iJHb 
fc. ^liT, lHlJRb>t5j?U:/^'5?x><£ 5 0*0-^6 P#ra^^^J^b;t. M-&^iK**«2fC^bfc. 

[0 0 5 9] 

(1) v-;^ - 1. 4figij-©3gji 

(2) -»-:^*- 1. 2*!K^j>©M3i 

mmM5\z:ts\f?>iy>':?^ - 1, 2^^(DmTttmm\zm^^fT^rc, m'^.i^^'tm2iz^Ltc, 

[0 0 6 0] 
^m^7 



4$n2004-244427 



1. z^^o^simtrnmizm-^^ff^ni. a^ii®**«2K:^bfc, 



(10) 

(1) ->7. - 1. 4^»0mm 

( 2 ) -1.2 ^^<Dmm 

[0 0 6 1] 

(1) lyT.- 1. 4^^(Dmi& 

(2) 1. 2m^<D^m 

[0 0 6 2] 

(1) - 1, 4fie^)-coMia 
mmmi tmrnizm-t^n^fto 

(2) 1. 2fi£^i-CD^3t 

:klZ. h^)X.^)l'7)V3.-^A (.TEA) (Dv-ir p^:^-y->?§^ ( 1 mo 1 /L) 3. Gml^^Unb, 1, S-Zf 

d^z^x.> 1 1 om\ =tmmvrzm. ^\^m^:ti'^)im=iwib ico (oct) 2) ©h;i'X>^i^ (o. osm 

ol/L) 0. 7ml*^SPb, $e){r6 0'CT2 0^J-a^$-1*->S:. «it:E6±SiJ$#trx5'/-;i//^:f^'> (1/ 
:/5'5;x><£0JRb;^:. leiiRb;^S:3j?U:/:57-:^x>:&5 0'CT6Il#K*SI£JgL>S:. a^M*^«2lC^bfc 



1. 2^»<ommtmm\zm'^^n^rz. 



j|l€r*2{C^b/Co 



[0 0 6 3] 

*]Si{sj 1 0 

(1) v'T. - 1, 4j^^i-CDM3i 

mt&M2tmmizm'^>^f7^tz, 

(2) e^>v':t- 1, 2^5i-Oi!ljg 
[0 0 6 4] 

mmm 1 1 

(1) - 1, 4fife5i'(DM3g 

(2) '>>'j:t-i, zm^cDmm. 

[0 0 6 5] 

Slj^^aj 1 2 

(1) ->7. - 1. 4^^J-(D8Slji 

mm9i4 tmmizm't^fTr:>it, 

(2) v->>5:t- 1. 2fS^(DMjS 

^^V^T, ^M«fiJ9t3*5ttS-»i?;t- 1. 2 JsK:«-©|!iigtra«{c:S^&fTt5;t. fi^i^^*« 2 t^b^c. 

[0 0 6 6] 
^jlfS^l 3 

(1) ->7> - 1, 4^:fJ-<DiSjg 
1*1^*1. 5L©:t-h^'k-:/CDi*)gp^^^S^b, v-i7D'\+-y->9 Om 1 , 2 -::/x>3 7 Om 1 StK 1 . 3 

-y^' vx>2 4 om 1 i)^irji^m^^itii<^. Ti^mmtiie 7 



4$ BS 2004-244427 



(11) 

mgyLtfSi^^^iZ^^mELrzWi. -mt^m^2 Smg/L. 1, 5-'>i7ti:ti7^zyX>^l Om 

mo l/Lt3;^«J;5{c:^JPb, m»7 0 O^f^mWhtz, 5^'^. >>Ji^JV7JV2.=i0l.^u^^ \^ ( 

DEAC) ©v'i'n'\4^-y->,'§^ (Imo 1/L) 1. 6ml, h Ux^^;'^?;!/* -^7^ (TEA) (D'yi^u-^^D- 

>mm (imoi/L) 0. 8mi^mmvx'^^iz5^miM.Whrzc }gss<^iaK^5 sr^Lfc^, ^fi^^^jn^n 

JVlh (Co (Oct) 2) ®->i'a^4^-y->^^ (5mmo i/L) 1. 8ml ^WitaVTM'&^mi^V. 7 0"C 

(2) 1. 2BK^j'©S!ii 

J^l:. hUxg^;i/7;P5:r':7A (tea) (Ozy^n^^^^ymm (Imol/D 3. OmlSr^JPb, §l^iS#7K 
3 Img, 1, 3-y^'vX>l 4 OmK :ti75";i/i?=i;N';Uh (Co (Oct) 2 ) <^ ^''^^>^^^ ( 0 . 0 5m 
ol/L) 0. Iml^mmV. 3StC6 srTl Sij-a-^S-Brfc. ^^blS&jfc?RI5^trx5'y— ;U/'\y:J'> (1/ 

1) ^issmLS^jipb, fi^^^^jjfcufc, :t-hi7U-zf^^^tkmhftm. a-&aesx^y-;wrSAb, 7i?u 

:/^v5X>SI5lJRbfe. J^CV^T, lHlJRbfcjJ?U:^^'>5x>S5 O-C-reieflSll^ltjSILyi:. S^i^*Sr^4fc3^Lfc 

o 

CO 0 6 7] 

1 4 

( 1 ) v-X - 1 . 4 fig^^cDSai 

1*1^*1. 5 LCD:;^-— h^l/-:/<D|^gBS:S*gMb, ->i7 P'\^^-y-> 9 Om 1 , 2 -yx>3 7 Om 1 RD? 1 , 3 
-:r5'>?X>2 4 Om l*i6^t?,^iK^£rttjii?>., tKJSJS*^ 6 7 mg/L J; ^5 {C*Sr^Jnb;^c^, $5.1:, 
'fti^5gS:2 5mg/L, 1, 5 -i/i^D:ti75'i?x>S: 5mmo 1 /Lf';&%<fc'5}r^jPb, S*}-? 0 0®gT3 0 
^^«ig^&2 S-Cibfc^. Jl^Uy^O. 7 SKg/cmSEEAL, 54)-^, 5>X5^;UT>'l/5 :i 
"izA^P^-fH (DEAC) (Di^ifU-^^-ij-ym^ (Imol/L) 1. 6ml, h^JJi^Ji'TJlS.—'^A (TEA 
) 0->i7D'\:^^lJ->S?g (Imol/L) 0. 8m\ ^mmVX-^^lZS^JSSiBti^Vfto mi&<DmSt^5 8X:tL-k. 

:ti7 5^;i.g?nA;i/h (Co (Oct) 2) ©v'^' P'\=^^-!i->^SK (5mmol/L) 1. 8 m 1 S^lP bTfi-^ 
SrMi&b, 7 O'CTl 5^i-a-&^ffo^c. 

(2) 1. 2fiK4i'©St3g 

;fcvir, mmmi 3\z^\rf^'»-:?:i- - 1. 2^4^®sa^g<hra«^ca■&srffr)fc. «'&M^2:«4{c:*ufc. 

[0 0 6 8] 

mmm 1 5 

(1) - 1. 4^»(Dmm. 

1. 5-->i7p^i7 5'-:^x>Sr^ljn-&-r, X^U>*1. 5Kg/cm2ffiAbfcS55^tt|ISil«l 3 

(2) >'>S^:e-- 1. 2fig5j'OiJiS 

;*[ViT, mmmi 3\z^if^zy>'j:t - 1, 2^ii-(Dmmtmm.\zM'^^fT-^fz, m-^^m^m^iz^brc. 

[0 0 6 9] 

m.mm i e 

-»v?:t- 1. 2^^}-(DSSjitC*5liT, :ti7 5^;i/®?:3;\';H- (Co (Oc t) 2) Oh;l'X>^^ (0. 0 5mo 1 
/L) ^JlP«*l. 1 m 1 trJiJjP^-e-fciJtmJ, *Sfet»Jl 4tra«tc:M-&Sff-3/i. «^i^*^«4(r:g^L/!:o 
[0 0 7 0] 

mmm 1 7 

— mi^^it^S:3 Omg/LtcHiJnS-e:, iy>z^:t-l. 2mi^<DmmiZiSif^m^&m^6 OX^lzTlftzUi^it 
[0 0 7 1] 



4$ BS 2004-244427 



(12) 

mmm i s 

(1) '>7. - 1. 4^^(Dmm 

l#9^*l. SL<D:t-h^7U-■:f(D^^S^^^mm^L. ->5'a'\^^-y->2 l Oml, 2-:/x>2 6 5m 1XL«1. 

]^fh;0?*$-2 Smg/L. 2, 5-/;^#;^:^>'X> (NBD) $rO. 6mmo l /L t7^?)J;5{C^inb, «:Ji-7 
0 OHIteTS 0:b'-PBlti«^bfc. ^jgOtiJt€:2 S'CtUit^, X5"k>S:0. 7 5 K g/c m 2 ffAb, S^j-^, 
X5^;i'7;i'5r:'>Ai7P^'f K (DEAC) <Dz^i7U^^-^>mm (Imol/D 2. 3m 1 S^ldUTS 5 

^mmwvrz, mm<Dm^m^5 8'Ci:hrzW:. :ti7^)muj-^jih (co (oc t) 2) <^2^i'n'\=i^-y->^^ d 

mmol/L) 6. 3m 1 ^^JpLTM-^^rMSSb, 7 0'CTr2 O^J-M-^^frofc. 

(2) 1. 2BSc.^<Dmm 

^AlZ, hiJx5^;i/7;l/5::ie7A (TEA) ©v'i7n^4^iJ->^SS ( 1 mo 1 /L) 3. 6m 1 S-^j&OL, 1. 3-:/ 
^'>'X>1 1 Om 1 ^•^j!lPL;t^. §l*^^:ti75^;i/^nA;i.h (Co (Oct) 2) (0 h;i/X>}§^ (0. 0 5m 
ol/L) 0. 7ml^g§llPb, -^Blze O'CX'2 O^m^-^itfz. ^\m±m^^tSJ^i' ^ > (1/ 
1) ^^5mL^^JnL, a^2:f?±L';fc. ;t— h k-:/rtgK&Ml]Ebfc^. a-&^SrXrJ'y-;i.{c:aAb, #U 
T/d^S^X^^&EIJRbfc. liIJRbfc:3«U:/:$'5^X>S:5 0*CT6B?fPBl3S^e*Rbfc. «^iMf^&« 6 f'^b;t 

o 

[0 0 7 2] 

m&mi 9 

(1) ->;^ - 1. 4is^j'<D3aii 

SL©:^—!-^^^— :/©|*il35$^i!lg^b, v'i7D's^^-y->l 9 OmK 2 -:f5^>2 4 Om i J^lXl . 
3_^>j7i^x>-3 2 Om 1 /6^^<^j:2>^^^tt3ii&., tKJRSj&ss 8mg/L i:;^-5J;^>{e:7K5r^iqbfc:^, — 
fiiE-fbi^^^2 5mg/L, 1, 2-yn>'tv'X> ^ 3mmo 1 /LJr/^Sipfc^jHIb^ «^)-7 0 0lHlte 

■t?3 O^i-rB^gg^bTtc ^?K®iag€:2 5*Ctbfc^, X^P>^1. 0Kg/cm2£EAb, 54)-^, i^X^^Jl/T;!/ 
5n<5Ai7n^-rF (DEAC) <D'>^ P'\^iJ->^^ (Imol/L) 2. 4m 1 ^^SPbT$ S^Paiaj^b 
fz, :iri7^)Vm.^n)Vh (Co (Oc t) 2) <^v'^P'\4^-y->jS*e (Immo 1/L) 5. 3m 1 Sr^JjPbTS-& 
SrMiSb, 6 O-CTS G^J-M-g-^fro*:. 

(2) v->>?::t- 1. 2fiK:«-©SSia 

:S^\Z. h iJX5^;UT;i'5n^7A (TEA) 0->i7 n^4^-y->^^ (Imol/D 3. Sml^^JPb. §|$^#7X 
3 4mg, 1, 3 -l/^'i^X^S Om K :ti75^;l/Mn A'Jl' h (Co (Oct) 2) <Dh)V3L>mW. . 0 5mo 
1/L) 0. 75mlS:^lnb. $ 6 0 tlT 1 54J-«-&$ii:fc. «ftB&±ai*-&trX:J'y-;U/^:7^:5'> ( 1 / 
1) ^f^SmL^^Jqb. «#$<?ifcbfc. ^t-hi'P-yi^lgBSrMffibTt^, M^m.tiX.i' J -MZ^XV. iJ^'J 
:/^'>5X>S:lHliRbfc. ^^l^Tv lHlJRb:t3j^'J:/37i;x>S:5 0'CT6B^PBm^^l^b;t. fi^i^»*« 6 IC^bfc 

e 

[0 0 7 3] 

2 0 

X^^>S:0. 8Kg/cm2jEAbfeflfi«, USS^ill 9 <!:l^«(3lt^€:fTo;t, «^i^S&«6t'3^b^c. 

[0 0 7 4] 
lliSi^J2 1 

1, 2-7'nA°vX> (Tl/» ©f^*:)0l3, 1, Z-zf^'JJLy (BD) &4mmo 1 /L t;&-5J;5f:^2)nbfe 
fi&ti. ^m^l 9 tl^^tia-^Sfr^fc. «#M*<£^6f3^bfe. 

[0 0 7 5] 
ll]S@{»J2 2 
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(13) 

[0 0 7 6] 





1. 41 




1. 2MB' 










1 , 5 — COD 










Kc/'cm2 


mM 


ml 


in fir 




1 


0 


12 8 


0 


0 




2 


0.5 


9 2 


0 


0 


1 OA 


3 


1 25 


3 7 


n 
\j 


0 

w 


1 90 

1 


4 


1 75 


n 

yj 


0 




1 99 


5 


0 


1 9 ft 


n 


on 


1 99 


6 


0 5 




u 




1 9^ 


7 


1.25 


3.7 


0 


20 


123 


8 


1.75 


0 


0 


20 


126 


9 


0 


12.8 


110 


0 


122 


10 


0.5 


9.2 


110 


0 


119 


11 


1.25 


3.7 


110 


0 


121 


12 


1.75 


0 


110 


0 


122 



1,4M^^^+:^y7— jt?S700ml. Bd/CHx/C4=30/35/35. CS2 24mg/U 
[DEAC] =3.3mmol/U [H20] =2.9mmol/U :*-<7^;uM3/<-/Uh O.OOQmmoI/ 
L, M^^gJg 70°C, M^B#Fb^ 20^ 

1.2M^^<^:TEA 5mmol/U :d-'5'^;USl3/<;Uh 0.05mmol/L, M^ffllt 
eCc, S^NpFbI 20» 



CO 0 7 7] 



(14) 









H. I. 


7J sp/C 






ML 




% 




°c 






1 


2.3 


1.40 


198.9 


1.1 


36 


2 


2.6 


1.40 


199.0 


1.4 


38 


3 


2.7 


1.38 


198.9 


1.7 


39 


4 


2.7 


1.37 


198.8 


1.8 


37 


5 


5.9 


1.51 


198.7 


4.1 


42 


6 


5.7 


1.49 


198.5 


4.0 


39 


7 


6.1 


1.47 


198.3 


4.4 


43 


8 


6.0 


1.44 


198.4 


4.3 


41 


9 


4.3 


1.48 


199.1 


3.5 


38 


10 


4.6 


1.45 


198.8 


3.7 


36 


11 


4.8 


1.44 


199.7 


4.0 


37 


12 


4.7 


1.43 


199.0 


3.9 


35 



[0 0 7 8] 
[^3] 



mmm 


1. AM'^mifi' 


1 . im-ami^ 




Kg/ cm 2 


1, 5-COD 
mM 


CS2 
mg/L 


Co(Oct)2 
mmol 


-^^CB fie 

"C 


g/L 


13 


0 


10 


25 


0.035 


65 


148 


14 


0.75 


5 


25 


0.035 


65 


147 


15 


1.5 


0 


25 


0.035 


65 


147 


16 


0.75 


5 


25 


0.053 


65 


154 


17 


0.75 


5 


30 


0.053 


60 


133 



lAM-^^i^i^^y^—MWOOmU Bd/CHx/C4=33/16/51. DEAC 2.3mmol/UT 
EA l.lmmol/L. 7K 3.7mmol/U :i-'i7^;U^3/<;UH 0.013mmol/L. 7 



ore. 



140mUM-nB# 



[0 0 7 9} 

m4] 
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(15) 



mmm 
















H. I. 


7/ spy 
c 




mmmM 


ML 






% 










% 


13 


10.3 


1.66 


200.0 


8.1 


50 


0.008 


14 


10.5 


1.62 


199.8 


8.3 


48 


0.008 


15 


10.6 


1.59 


199.7 


8.5 


47 


0.008 


16 


14.2 


1.51 


200.7 


11.3 


59 


0.010 


17 


16.7 


1.72 


201.2 


13.8 


73 


0.005 



[0 0 8 0] 



mmm 


1. 4m^^# 


1. 2M^^# 




Kg/cm2 


mmm 


mM 


CS2 
mg/L 


Co(Oct)2 
mmol 


Js. n /ua 


g/L 


18 


0.75 


2. 5-NBD 


0.6 


25 


0.035 


60 


105 


1.4M^^f'^:^y'7— Jg7S700mU Be 
[H20] =2.9mmol/L. ylr<^=f-JUm=l/^ 

f^:TEA5mmol/U ii*Pl.3-3'^$ii 


/CHx/O 
;Uh 0.00 

?X> 110 


1=30/35/35. [DEAC] =3.3mmol/L. 
9mmol/U fi^SJt 70t. M^P#Fb1 20 

1 .29"^^ 

mL a^Mjg 6o*'c. m-^fi^m 20^ 


19 


1 




3 


25 


0.038 


60 


133 


20 


0.8 




3 


25 


0.038 


60 


140 


21 


1 


1. 2-BD 


4 


25 


0.038 


60 


135 


22 


0.8 


1, 2-BD 


4 


25 


0.038 


60 


141 




/CHx/C4 


=40/30/30, DEAC 3.2mmol/L, 7K 



2.1mmol/L, 7t<7=fJl'W.=3/<J\^h 0.007mmol/U fi^SiS 60*t, M^BtS 30^ 
1.2S^^{^:TEA 5mmol/U j&JPtK 34mg, i&*ni.3-3'^^S?X> 50ml, M^^K 15 

[0 0 8 1] 
[«5] 



1$ Pi 2004-244427 



(16) 



mmm 






H. I. 


7/ spy 
c 






ML 






% 




°C 






% 


18 


5.4 


1.47 


199.0 


4.1 


40 


0.006 


19 


10.8 


1.63 


200.2 


9.1 


58 


0.011 


20 


9.3 


1.58 


199.5 


7.7 


63 


0.010 


21 


10.1 


1.61 


199.8 


8.4 


55 


0.009 


22 


8.9 


1.56 


199.3 


7.3 


61 


0.011 



[0 0 8 2] 



(17) 



F^'-A(##) 4J100 AA02Q AR16Q AS02P ASIIQ CA04 CA15 CA16 DA09 DA22 DA24 
DA40 FA09 FA19 FA30 FA39 JA29 
4J128 AAOl ABOO AC47 BAOOA BAOIB BBOOA BBOIB BC15B BC16B BC17B 
BC19B BC27B CA32C CA48C CB81C EA02 EB13 ECOl EDOl ED06 
ED09 EFOl EF02 FA02 FA09 GA04 Gh\2 GA19 GA22 



